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Introduction
The organism 
Toxoplasma gondii is an obligate intracellular protozoan
that belongs to the phylum Apicomplexa, subclass
coccidia. It can take several different forms: the oocyst;
the tachyzoite; and the cyst. The T gondii genome is
haploid, except during sexual division in cats, and
contains about 8�107 base pairs.1

Oocysts
Members of the cat family are definitive hosts of T gondii;
replication of the parasite happens in the intestine of the
cat, resulting in production of oocysts (figure 1).2 During
acute infection, several million oocysts (10�12 �m) are
shed in the faeces of cats for 7–21 days. After sporulation,
which takes place between 1 and 21 days,3 oocysts
containing sporozoites are infective when ingested by
mammals (including man) and give rise to the tachyzoite
stage.

Tachyzoites
Tachyzoites (2–4 �m wide and 4–8 �m long) are
crescentic or oval and are the rapidly multiplying stages of
the parasite (figure 1). They enter all nucleated cells by
active penetration and form a cytoplasmic vacuole.4 After
repeated replication, host cells are disrupted and
tachyzoites are disseminated via the bloodstream and
infect many tissues, including the CNS, eye, skeletal and
heart muscle, and placenta. Replication leads to cell death
and rapid invasion of neighbouring cells. The tachyzoite
form causes a strong inflammatory response and tissue
destruction and, therefore, causes clinical manifestations
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of disease. Tachyzoites are transformed into bradyzoites
under the pressure of the immune response to form cysts.

Cysts
Bradyzoites persist inside cysts for the life of the host
(figure 1). They are morphologically identical to
tachyzoites but multiply slowly, express stage-specific
molecules, and are functionally different. Tissue cysts
contain hundreds and thousands of bradyzoites and form
within host cells in brain and skeletal and heart muscles.
Bradyzoites can be released from cysts, transform back into
tachyzoites, and cause recrudescence of infection in
immunocompromised patients. Cysts are infective stages
for intermediate and definitive hosts. 

Different strains of T gondii
T gondii consists of three clonal lineages designated type I,
II, and III, which differ in virulence and epidemiological
pattern of occurrence.5,6 Most strains isolated from patients
with AIDS are type II. Type I and II strains have been
recorded in patients with congenital disease, whereas
strains isolated from animals are mostly genotype III.6,7

Strain-specific peptides8 could allow typing of T gondii
strains with serum from a patient. 

Sexual recombination between two distinct and
competing clonal lines of the parasite has driven natural
evolution of virulence in T gondii.9 Acquisition of direct oral
transmission by the parasite seems to be a recent
evolutionary change that has led to widespread expansion
of Toxoplasma.10 Generation of specific gene-deficient
strains of T gondii11,12 and sequencing of the Toxoplasma
genome (http://ToxoDB.org/) will provide further insight
into virulence factors of the parasite and specific host
immune responses. 

Toxoplasmosis
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Toxoplasma gondii is a protozoan parasite that infects up to a third of the world’s population. Infection is mainly acquired
by ingestion of food or water that is contaminated with oocysts shed by cats or by eating undercooked or raw meat
containing tissue cysts. Primary infection is usually subclinical but in some patients cervical lymphadenopathy or ocular
disease can be present. Infection acquired during pregnancy may cause severe damage to the fetus. In
immunocompromised patients, reactivation of latent disease can cause life-threatening encephalitis. Diagnosis of
toxoplasmosis can be established by direct detection of the parasite or by serological techniques. The most commonly
used therapeutic regimen, and probably the most effective, is the combination of pyrimethamine with sulfadiazine and
folinic acid. This Seminar provides an overview and update on management of patients with acute infection, pregnant
women who acquire infection during gestation, fetuses or infants who are congenitally infected, those with ocular
disease, and immunocompromised individuals. Controversy about the effectiveness of primary and secondary prevention
in pregnant women is discussed. Important topics of current and future research are presented. 

Search strategy and selection criteria

MEDLINE searches for recent new literature using a large
number of keywords for both clinical and basic research
topics were used as a primary source of references.
Reference lists in recent book chapters and review articles
written by the authors were also used; inclusion or exclusion
of individual manuscripts was based on scientific value and
clinical importance. 
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Epidemiology
Transmission
Human beings can be infected with T gondii by ingestion or
handling of undercooked or raw meat (mainly pork and
lamb) containing tissue cysts or water or food containing
oocysts excreted in the faeces of infected cats (figure 1).
Most individuals are infected inadvertently, thus the
specific route of transmission cannot usually be
established. Variations in seroprevalence of T gondii seem
to correlate with eating and hygiene habits of a population.
This finding lends support to the contention that the oral
route is the major source of infection.13–15 The
seroprevalence of T gondii in market-weight pigs in the
USA has been declining for the past 20 years, and it has
been reported as low as 0·58%.16 However, pigs from
isolated small swine farms are still sold for human
consumption and prevalence of the parasite in these
animals can be as a high as 93%.16 Epidemics of
toxoplasmosis in human beings and sheep attributed to

exposure to infected cats indicate an important role of
oocyst excretion by cats in the propagation of infection in
nature and man.17 Several outbreaks of toxoplasmosis in
human beings have been linked epidemiologically to
drinking of unfiltered water.18,19 Transmission during
breastfeeding or direct human-to-human transmission
other than from mother to fetus (see below) has not been
recorded.

Organ transplantation 
Transmission of T gondii by organ transplantation from a
seropositive donor to a seronegative recipient (donor
[D]+/recipient [R]–) is an important potential cause of
disease in heart, heart-lung, kidney, liver, and liver-
pancreas transplant patients.20,21 Reactivation of latent
infection in the recipient (D–/R+ or D+/R+) is the most
usual mechanism for toxoplasmosis to arise in bone
marrow, haematopoietic stem cell, and liver transplant
patients, and in people with AIDS. Although rare,
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Figure 1: Life cycle of T gondii and clinical manifestations of toxoplasmosis
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T gondii can also be transmitted via blood or leucocytes
from immunocompetent and immunocompromised
donors.22,23 Infections in laboratory personnel have arisen
by contact with contaminated needles and glassware or
infected animals.24,25

Congenital transmission
After maternal acquisition of T gondii for the first time
during gestation, the parasite enters the fetal circulation by
infection of the placenta. The birth prevalence of congenital
toxoplasmosis ranges from one to ten per 
10 000 livebirths.26–28 Maternal infection acquired before
gestation poses little or no risk to the fetus except 
in women who become infected a few months (at the 
most, 3) before conception.29,30 Frequency of congenital
transmission varies considerably according to the time
during gestation that the mother became infected 
(figure 2). Infection acquired around the time of
conception and within the first 2 weeks of gestation in
women taking spiramycin does not result in vertical
transmission, whereas rates of transmission are more than
60% in the last trimester.31–33 Frequency of transmission and
severity of disease are inversely related. Early maternal
infection (first and second trimester) may result in severe
congenital toxoplasmosis and can result in death of the
fetus in utero and spontaneous abortion (table 1, figure 3).
By contrast, late maternal infection (third trimester) usually
results in normal appearing newborns. The overall
frequency of subclinical infection in newborns with
congenital toxoplasmosis is as high as 85%.31,33,34 Infection
initially goes unnoticed, but if it is not treated babies can
later develop chorioretinitis or growth can be delayed in the
second or third decade of life.15,35

Treatment of the mother during pregnancy is an attempt
to reduce the frequency and severity of fetal infection.
Spiramycin has been estimated to reduce the incidence of
vertical transmission by about 60% (see Management and
treatment).15,36 Vertical transmission of T gondii in the
setting of chronic infection is only recorded in
immunocompromised women—ie, those with AIDS or
receiving immunosuppressive drugs including corti-
costeroids. However, the rate of vertical transmission in this
setting seems to be fairly low.37,38

Seroprevalence
In man, seroprevalence of T gondii infection rises with age,
does not vary greatly between sexes, and is lower in cold
regions, hot and arid areas, or at high elevations. In general,

incidence of the infection varies with the population group
and geographic location—eg, seropositivity can be up to
75% by the fourth decade of life in El Salvador versus an
overall seroprevalence of 22·5% in the USA.39 The
prevalence of T gondii antibodies has been steadily falling in
various countries over the past few decades.40–42

Pathogenesis
Inoculum size,43 virulence of the organism,44 genetic
background,45 sex,46 and immunological status seem to
affect the course of infection in human beings and animal
models of toxoplasmosis. Once the parasite has been orally
ingested, it actively invades intestinal epithelial cells or it
gets phagocytosed by them.4,47 Intracellularly,
T gondii induces formation of a parasitophorous vacuole
that contains secreted parasite proteins and excludes host
proteins that would normally promote phagosome
maturation, thereby preventing lysosome fusion. The
molecular characterisation and function of several proteins
from different parasite organelles, including rhoptries,
micronemes, and dense granules, have been reported;48–50

these molecules, and the immunodominant tachyzoite
surface antigen SAG1, are among the most promising
vaccine candidates (see Prevention).51,52

Infection with T gondii results in a strong and persistent
T-helper-1 (Th1) response characterised by production of
proinflammatory cytokines including interleukin 12,
interferon �, and tumour necrosis factor �. The combined
action of these cytokines and other immunological
mechanisms protects the host against rapid replication of
tachyzoites and subsequent pathological changes. After
invasion of enterocytes, T gondii infects antigen-presenting
cells in the intestinal lamina propria and induces a transient
local Th1 response.43,53

Dendritic cells—with their ability to produce inter-
leukin 12—are the main activators of the Th1 immune
response after infection of mice with T gondii.54

Granulocytes can also contribute to early production of
interleukin 12.55 The activated macrophage inhibits or
kills intracellular T gondii.56 However, the parasite can
partly counteract these actions even at early stages of
infection. T gondii can exploit antigen-presenting cells as so-
called Trojan horses by downregulation of cell-surface
molecules and interference with apoptosis pathways.57–59

Sensitised CD4+ and CD8+ T lymphocytes are both
cytotoxic for T gondii-infected cells.60 Proinflammatory (eg,
interferon � and tumour necrosis factor �)56,61 and
downregulatory (eg, interleukin 10, transforming growth
factor �)56 cytokines are both involved in balancing of this
response. The proportion of �� T cells is enhanced during
acute infection.62,63 Within 2 weeks after infection, IgG,
IgM, IgA, and IgE antibodies against many T gondii
proteins can be detected. Production of IgA antibodies on
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Figure 2: Risk of congenital infection by duration of gestation
at maternal seroconversion
Reprinted from reference 33, with permission of Elsevier.

Infection acquired 

First Second Third 
trimester trimester trimester

Outcome in offspring
Congenital toxoplasmosis 9·0% 27·0% 59·0%
Subclinical 22·2% 74·4% 89·8%
Clinically apparent 77·8% 15·6% 10·2%

Perinatal death or stillbirth 5·0% 2·0% 0%

Table adapted and modified from Desmonts G, Couvreur J. Congenital
toxoplasmosis: a prospective study of the offspring of 542 women who
acquired toxoplasmosis during pregnancy. In: Thalhammer O, Baumgarten K,
Pollak A, eds. Pathophysiology of congenital disease: perinatal medicine, 
6th European congress. Stuttgart: Georg Thieme Verlag, 1979: 51–60. With
permission of Georg Thieme Verlag.

Table 1: Outcome in babies born to women who acquired
T gondii infection during pregnancy
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mucosal surfaces seems to protect the host against
reinfection.64,65 Reinfection can happen but does not seem
to result in disease or in congenital transmission of the
parasite.

Pathology
Histopathological changes in toxoplasmic lymphadenitis in
immunocompetent individuals are frequently distinctive
and sometimes diagnostic66 and consist of reactive follicular
hyperplasia, irregular clusters of epithelioid histiocytes
encroaching on and blurring the margins of the germinal
centres, and focal distension of sinuses with monocytoid
cells. Langhans giant cells, granulomas, microabscesses,
foci of necrosis, and parasites (or their DNA)67 are not
typically seen or detected. Eye infection in
immunocompetent patients produces acute chorioretinitis
characterised by severe inflammation and necrosis.68

Granulomatous inflammation of the choroid is secondary
to necrotising retinitis. Exudation into the vitreous or
invasion of the vitreous by a budding mass of capillaries
might happen. Although rare, tachyzoites and cysts 
can be seen in the retina. The pathogenesis of 
recurrent chorioretinitis is controversial. Rupture of cysts
can release viable organisms that induce necrosis 
and inflammation; alternatively, chorioretinitis can 

result from a hypersensitivity reaction triggered by
unknown causes.68 Biopsy-proven toxoplasmic 
myocarditis and polymyositis in the setting of acute
toxoplasmosis have been reported in otherwise
immunocompetent individuals and in patients on
corticosteroids.69

Damage to the CNS by T gondii is characterised by
many foci of enlarging necrosis and microglia nodules.70 In
infants, periaqueductal and periventricular vasculitis and
necrosis are distinctive of toxoplasmosis.71 Necrotic areas
can calcify and lead to striking radiographic findings
suggestive—but not pathognomonic—of the disease.
Hydrocephalus can result from obstruction of the
aqueduct of Sylvius or foramen of Monro. Tachyzoites and
cysts are seen in and adjacent to necrotic foci near or 
in glial nodules, perivascular regions, and cerebral tissue
uninvolved by inflammatory change. Presence of many
brain abscesses is the most characteristic feature of
toxoplasmic encephalitis in severely immunodeficient
patients and is especially characteristic in people with
AIDS.70 Identification of tachyzoites is pathognomonic of
active infection (see Management). At autopsy in AIDS
patients with toxoplasmic encephalitis, almost universal
involvement of the cerebral hemispheres is noted, as is a
remarkable predilection for the basal ganglia.72 In cases of
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Antibody class/ Screening Pregnancy Newborns Eye disease Immunocompromised 
test patients

Indirect IgG + + (identification of + (maternal antibodies + (low titres are usually + (identification of 
detection/ women at risk and may persist until seen in patients with patients at risk of 
serology those protected) 12 months of age; reactivation of reactivation, ie, AIDS,

differentiation of congenital disease; bone marrow transplant
maternal and fetal intraocular antibody patients)
IgG by western blot production [ratio of 
or ELIFA) ocular and blood 

antibody titres]) 

IgG avidity – + (high avidity results – + (high avidity results –
rule out infection in rule out infection in 
recent 3–4 months; recent 3–4 months; 
low avidity antibodies low avidity antibodies 
may persist) may persist)

IgM* –† + (IgM antibodies may + (ISAGA more + (high titres usually in + (IgM of little value;
persist for prolonged sensitive than EIA; patients with acute may or not be present 
times, negative IgM rules differentiation of acquired disease, with active or latent 
out infection in pregnant maternal and fetal negative results in disease)
women during the first IgG by western blot) patients with reactivation 
two trimesters) of congenital disease)

IgA – + (IgA antibodies may + (increased value – –
persist for prolonged compared to IgM 
times) tests)

IgE – + (high specificity, low – – –
sensitivity)

Direct detection PCR – + (amniotic fluid) + (blood, urine) + (particulary useful in + (cerebrospinal fluid, 
patients with atypical bronchoalveolar lavage,
retinal lesions or ocular fluids,
suboptimum response ascitic fluid, pleural 
to therapy [vitreous or fluid, peritoneal fluid, 
aqueous fluid, vitreous bone marrow aspirate, 
fluid preferred]) peripheral blood, and/

or tissue)
Histology – + (placenta and fetal – – + (any affected tissue)
(immunohisto- tissues in cases of fetal 
chemistry‡)/ loss)
cell culture or 
mouse
inoculation

Comments/aims Determination Combined detection of Increased sensitivity Serological distinction Direct detection more 
of sero- IgG and IgM antibodies for of combined IgA and between congenital and sensitive than indirect 
prevalence/ screening in early IgM antibody recently acquired detection
epidemiological pregnancy detection infection
studies

ELIFA=enzyme-linked immune filtration assay. *Value of commercially available tests varies considerably. †Detection of IgM may be used for neonatal screening. ‡With
T gondii-specific antibodies.

Table 2: Value of serological tests for the diagnosis of infection with T gondii 
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congenital toxoplasmosis, necrosis of the brain is most
intense in the cortex and basal ganglia and at times in the
periventricular areas.71 Pulmonary toxoplasmosis in the
immunodeficient patient can arise as interstitial
pneumonitis, necrotising pneumonia, consolidation, and
pleural effusion.73

By PCR, T gondii DNA can be shown in amniotic,
cerebrospinal, bronchoalveolar lavage, ocular, pleural, or
ascitic fluids and in peripheral blood or urine.74

Clinical presentation 
Clinically, infection with T gondii can go unnoticed or could
cause signs and symptoms that vary depending on the
immune status of the patient and the clinical setting—eg,
immunocompetent, ocular disease, immunocompromised,
or congenital toxoplasmosis. 

Immunocompetent adults and children 
T gondii primary infection in children and adults (including
pregnant women) is asymptomatic in most patients. In
about 10%, it causes a self-limited and non-specific illness
that rarely needs treatment. The most typical clinical
manifestation is isolated cervical or occipital
lymphadenopathy. Lymph nodes are not tender, do not
suppurate, are usually discrete, and stay enlarged for less
than 4–6 weeks. A form of the disease characterised by
chronic lymphadenopathy has been described, and lymph-
node enlargement can fluctuate for months. Very
infrequently, myocarditis, polymyositis, pneumonitis,
hepatitis, or encephalitis can arise in otherwise healthy

individuals. Acute toxoplasma infection during pregnancy is
asymptomatic in most women.

Ocular toxoplasmosis 
Toxoplasmic chorioretinitis can be seen in the setting of
congenital or postnatally acquired disease as a result of
acute infection or reactivation.75,76 Chorioretinitis in
individuals with acute acquired toxoplasmosis can arise
sporadically or in the context of an outbreak of acute
disease.77 Typical findings of toxoplasmic chorioretinitis
include noticeably white focal lesions with an overlying and
intense vitreal inflammatory reaction. The classic
“headlight in the fog” appearance is attributable to the
presence of active retinal lesions with severe inflammatory
reaction. Recurrent lesions are usually recorded at the
borders of chorioretinal scars, which are typically found in
clusters. Chorioretinitis in adults has been traditionally
deemed a late manifestation and reactivation of congenital
disease; however, it has been reported with increasing
frequency in association with acute infection.75 To establish
whether the original infection was congenital or acquired in
patients who have recurrences of chorioretinitis is difficult. 

Immunocompromised patients with or without AIDS 
By contrast with the favourable course of toxoplasmosis in
almost all immunocompetent individuals, the disease can
be life-threatening in those who are immuno-
compromised.78 In these individuals, toxoplasmosis almost
always happens as a result of reactivation of chronic
infection.79

The CNS is the site most typically affected by infection.
Clinical presentation of toxoplasmic encephalitis varies
from a subacute gradual process evolving over weeks to an
acute confusional state, with or without focal neurological
deficits, evolving over days. Clinical manifestations include
mental status changes, seizures, focal motor deficits, cranial
nerve disturbances, sensory abnormalities, cerebellar signs,
movement disorders, and neuropsychiatric findings.
Meningeal signs are rare. Constitutional symptoms and
signs such as fever and malaise can vary. The most typical
focal neurological findings are hemiparesis and speech
abnormalities.80 The differential diagnosis of toxoplasmic
encephalitis lesions includes CNS lymphoma, progressive
multifocal leukoencephalopathy, cytomegalovirus ventri-
culitis and encephalitis, focal lesions caused by other
organisms including Cryptococcus neoformans, Aspergillus
spp, Mycobacterium tuberculosis, and Nocardia spp, or
bacterial brain abscess. Toxoplasmosis in immuno-
compromised patients can also present as chorioretinitis,
pneumonitis, or multiorgan involvement presenting with
acute respiratory failure and haemodynamic abnormalities
similar to septic shock.78 Toxoplasma pneumonia seems to
be more frequent in recipients of bone-marrow transplants
and in patients with AIDS.

Congenital toxoplasmosis 
Fetuses with congenital toxoplasmosis usually look normal
on prenatal ultrasound. If present, ultrasonographic
findings suggestive of congenital disease include intracranial
calcifications, ventricular dilatation, hepatic enlargement,
ascites, and increased placental thickness.81 Neonatal
clinical manifestations of congenital toxoplasmosis vary
widely and include hydrocephalus, microcephaly, intra-
cranial calcifications, chorioretinitis, strabismus, blindness,
epilepsy, psychomotor or mental retardation, petechia due
to thrombocytopenia, and anaemia.82,83 The classic triad of
chorioretinitis, hydrocephalus, and cerebral calcifications is
rather rare. None of the signs described in newborns with
congenital disease is pathognomonic for toxoplasmosis and
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Figure 3: Risk of developing clinical signs (not necessarily
symptomatic) before age 3 years according to gestational age
Reprinted from reference 33, with permission of Elsevier.
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can be mimicked by congenital infection with other
pathogens, including cytomegalovirus, herpes simplex
virus, rubella, and syphilis. 

Diagnosis
T gondii infection can be diagnosed indirectly with
serological methods and directly by PCR, hybridisation,
isolation, and histology. Whereas indirect serological
methods are widely used in immunocompetent patients,
definitive diagnosis in immunocompromised people is
mostly undertaken by direct detection of the parasite
(table 2). Direct demonstration of the organism (mouse

inoculation, cell culture, or PCR for T gondii DNA) from
cerebrospinal fluid, blood, and urine,84,85 and ophthalmo-
logic testing, radiological studies, and examination of
cerebrospinal fluid could assist diagnosis of congenital
disease.

Indirect detection 
Detection of IgG antibodies to T gondii should be done in
pregnant women and immunocompromised patients. First,
absence of IgG antibodies before or early in pregnancy
allows identification of women at risk of acquiring the
infection. Second, presence of IgG antibodies allows
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Drug Dosage Duration

Acute asymptomatic Treatment not ·· ··
acquired infection recommended*

Acute toxoplasmosis Spiramycin 3 g qd in three divided doses without food Until term‡ or until fetal infection is documented
in pregnant women†

Documented fetal Pyrimethamine Loading dose: 100 mg qd in two divided doses Until term
infection (after 12 or for 2 days, then 50 mg qd
18 weeks of gestation)§ plus

Sulfadiazine Loading dose: 75 mg/kg qd in two divided doses Until term
(max 4 g qd) for 2 days, then 100 mg/kg qd in 
two divided doses (max 4 g qd) 

plus
Leucovorin 5–20 mg qd During and for 1 week after pyrimethamine 
(folinic acid) treatment

Congenital toxoplasma Pyrimethamine Loading dose 2 mg/kg qd for 2 days, 1 year 
infection in the infant¶ then 1 mg/kg qd for 2–6 months, then

this dose every Monday, Wednesday,
and Friday

plus
Sulfadiazine 100 mg/kg qd in two divided doses 1 year
plus
Leucovorin 10 mg three times a week During and for 1 week after pyrimethamine treatment
Corticosteroids|| 1 mg/kg qd in two divided doses and symptoms Until resolution of signs 
(prednisone)

Toxoplasmic chorioretinitis Pyrimethamine Loading dose: 200 mg qd, then Usually 1–2 weeks after resolution of symptoms
in adults 50–75 mg qd

plus
Sulfadizine Oral 1–1·5 g qd Usually 1–2 weeks after resolution of symptoms
plus
Leucovorine 5–20 mg three times a week During and for 1 week after pyrimethamine treatment
Corticosteroids|| 1 mg/kg qd in two divided doses Until resolution of signs and symptoms

Acute/primary treatment 
of toxoplasma encephalitis 
in patients with AIDS
Standard regimens Pyrimethamine Oral 200 mg loading dose, then 50–75 mg qd At least 4–6 weeks after resolution of signs and 

symptoms
Leucovorin Oral, intravenous, or intramuscular  During and for 1 week after pyrimethamine treatment

10–20 mg qd (up to 50 mg qd)
plus
Sulfadiazine Oral 1–1·5 g q6h **
or
Clindamycin Oral or intravenous 600 mg q6h **

(up to intravenous 1200 mg q6h)
Possible alternative regimens Trimethoprim Oral or intravenous 5 mg (trimethoprim **

sulfamethoxazole component)/kg q12h 
(daily doses as high as 15–20 mg/kg of the 
trimethoprim component have been used) 

Pyrimethamine As in standard regimens **
plus leucovorin
plus one of the 
following
Clarithromycin Oral 1g q12h **
Atovaquone Oral 750 mg q6h **
Azithromycin Oral 1200–1500 mg qd **
Dapsone Oral 100 mg qd **

Adapted from reference 143, with permission. qd=once a day. *Acute acquired infection in immunocompetent patients does not need specific treatment unless severe
or persistent symptoms or evidence of damage to vital organs are present. If such signs or symptoms arise, treatment with pyrimethamine/sulfadiazine, and
leucovorin should be initiated (for doses, see Toxoplasmic chorioretinitis in adults). †Practices vary widely between centres. ‡German and Austrian guidelines
recommend spiramycin prophylaxis until 17 weeks of pregnancy followed by a 4-week course of pyrimethamine plus sulfadiazine plus leucovorin. §Practices vary widely
between centres. Pyrimethamine plus sulfadoxine is used in some centres, monthly alternating cycles of pyrimethamine plus sulfadiazine and spiramycin. ¶Practices
vary widely between centres. Monthly alternating cycles of pyrimethamine plus sulfadiazine and spiramycin. ||When cerebrospinal protein is �1 g/dL and when active
chorioretinitis threatens vision. **Duration of treatment as for pyrimethamine in patient with toxoplasma encephalitis.

Table 3: Guidelines for treatment of T gondii infection



For personal use. Only reproduce with permission from The Lancet Publishing Group.

identification of immunocompromised patients—ie, bone
marrow transplant recipients or people with AIDS—at risk
for reactivation of latent infection. The Sabin-Feldman dye
test,86 immunofluorescent antibody test,87 ELISA,88 IgG
avidity test,89–91 and agglutination and differential
agglutination test92 can be used for detection of IgG
antibodies. These arise within 1–2 weeks after infection and
persist for the individual’s lifetime. 

Tests for the avidity (functional affinity) of IgG
antibodies have become standard to discriminate between
recently acquired infection and those obtained in the more
distant past.89 Presence of high avidity antibodies essentially
rules out infection acquired in the recent 
3–4 months; by contrast, low avidity antibodies can persist
beyond 3 months of infection.89–91,93,94 The differential
agglutination (AC/HS) test has also proven helpful in
differentiation between a probable acute or chronic
infection in pregnant women92 in combination with a panel
of other assays.74,95 The double-sandwich IgM ELISA and
IgM immunosorbent agglutination assay (ISAGA) can be
used for detection of IgM antibodies that arise within the
first week of infection, rapidly increase, and thereafter
decline and disappear at highly variable rates.96,97 False-
positive results and persistence of positive titres even years
after initial infection hamper correct interpretation of
results obtained in IgM antibody tests.95,98 The greatest
value of testing for IgM lies in the fact that a negative test
essentially rules out recently acquired infection. However,
results of commercial kits used to detect IgM antibodies in
non-reference laboratories are sometimes unreliable with
false positive rates as high as 60%.95 The strength of
combinations of serological tests in assessment of the stage
of infection has been shown by different researchers.95,99,100

The IgM ISAGA101 is highly sensitive and specific and
frequently used for diagnosis of congenital infection in
newborns. Tests for the detection of IgA antibodies were
more sensitive than those for detection of IgM antibodies in
the fetus and newborn.102,103 Presence of IgG antibodies in
the newborn’s serum could be their own or their mother’s
antibodies. Testing for IgM and IgA antibodies will identify
up to 75% of infected babies.15,82,103 In babies with suspected
congenital toxoplasmosis with positive IgG but negative
IgM and IgA tests results, use of IgG/IgM western blots of
mother-infant pairs can prove useful.104. Maternally
transferred IgG antibodies usually decline and disappear
within 6–12 months. 

In adults, IgA antibodies can remain positive for a year or
longer, and therefore are of minor value for diagnosis of
recent infection. Tests for the detection of IgE antibodies
should only be used in combination with other serological
methods.105,106 Local antibody production in the eye has
been used successfully for diagnosis of ocular
toxoplasmosis.107

Direct detection 
PCR amplification of the 35-fold repetitive B1 gene  for
detection of T gondii DNA in body fluids and tissues has
successfully been used to diagnose congenital,32,108 ocular,109

cerebral, and disseminated110–112 toxoplasmosis. Real-time
PCR and use of other genes—ie, 300-fold repetitive
AF146527—will probably be more generally used in the
future.113,114

Sensitivity of PCR results can be affected by the
appropriateness of sample handling, shipping and storage
conditions, the particular technique used for amplification
and detection of PCR products, and by previous use of
anti-T gondii specific drugs. If contamination is not an
issue, specificity and positive predictive value of PCR
results approach 100%. In an initial study,31 sensitivity of

amniotic fluid PCR was close to 100%; however, Romand
and colleagues32 estimated sensitivity to be 64%, negative
predictive value 87·8%, and specificity and positive
predictive value 100%. Sensitivity varied greatly according
to gestational age and was significantly higher for maternal
infections that arose between 17 and 21 weeks of
gestation.32 Lack of homogeneity in methods used for
evaluation and in patients’ selection are the most probable
explanations for the noted differences. Amniotic fluid PCR
undertaken before week 18 is probably less reliable than
tests done after this time and has not been systematically
studied.

PCR has revolutionised prenatal diagnosis of congenital
toxoplasmosis by enabling early diagnosis, thereby avoiding
use of more invasive procedures on the fetus.31,74 Peripheral
blood, cerebrospinal fluid, and urine should be considered
for PCR examination in any newborn suspected to have
congenital disease. PCR of vitreous or aqueous fluid is
helpful to establish diagnosis in patients who present with
atypical retinal lesions, who show a suboptimum response
to appropriate antitoxoplasma treatment, or who are
immunocompromised.109,115 In immunocompromised
patients suspected to have localised or disseminated
toxoplasmosis, PCR of blood (buffy coat), affected body
fluids (including bronchoalveolar lavage or cerebrospinal,
pleural, ascitic, peritoneal, or ocular fluids), bone-marrow
aspirate, or tissues should be regarded as an important
diagnostic aid.74 A positive result of brain tissue PCR may
not differentiate between a patient with toxoplasmic
encephalitis and an individual with different brain
pathology but who is chronically infected (dormant
infection) with T gondii.

Isolation of T gondii from blood or body fluids shows that
infection is acute. Isolation techniques need live parasites
and thus are not sensitive; however, they are highly accurate
for typing of strains. Attempts to isolate the parasite can be
undertaken by inoculation of mice or of cell cultures of
virtually any human tissue or body fluid.74,116

Demonstration of tachyzoites in tissue sections or smears
of body fluid—eg, bronchoalveolar lavage or cerebrospinal
fluid—shows that T gondii causes the pathological changes
seen in that system or patient. Tachyzoites can be recorded
in primary acute infection or in reactivation of previously
acquired latent infection. 

The immunoperoxidase technique, which uses antisera
to T gondii, has proven both sensitive and specific and is
superior to conventionally stained tissue sections. It has
been used successfully to show the presence of the parasite
in the CNS of AIDS patients.117

Management and treatment 
Infection in the immunocompetent host 
Immunocompetent adults and children with toxoplasmic
lymphadenitis are usually not treated unless symptoms are
severe or persistent. Characteristic histological criteria and
findings of a panel of serological tests that accord with
recently acquired infection are diagnostic for toxoplasmic
lymphadenitis in older children and adults.99 If needed,
treatment is usually administered for 2–4 weeks followed by
reassessment of the patient’s condition. The combination
of pyrimethamine, sulfadiazine, and folinic acid for
4–6 weeks is the most typical drug combination (table 3).
Infections acquired by laboratory accident or transfusion of
blood products are potentially most severe, and these
patients should always be treated.

Maternal and fetal infection 
Management of maternal and fetal infection varies
considerably between different countries and centres within
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the same country.36 The antibody status of a pregnant
woman should be obtained before or early in pregnancy.
One in five pregnant women in the USA request
termination of their pregnancy if they are told they have a
recently acquired T gondii infection (based on positive tests
for IgM antibodies) and that their offspring might be at risk
for congenital infection.95,118 However, 60% of these women
are found to be chronically infected when tested at a
reference laboratory.118 Thus, confirmatory serological
testing done at a reference laboratory, with correct
interpretation by an expert, diminished the rate of
unnecessary abortions by about 50% in women with
positive IgM toxoplasma test results reported by outside
laboratories.95,118 Thus, positive IgM test results should
always undergo confirmatory tests in a reference
laboratory.74,95 Serological tests for measurement of IgG
(dye test, AC/HS), IgM, IgA, and IgE antibodies have been
successfully used as a panel of confirmatory tests.74,118

Negative tests for IgM antibodies during the first 
two trimesters essentially rule out recently acquired
infection, unless serum samples are obtained so early
that an IgM antibody response is not yet detectable (very
rare) or too late that the IgM antibodies have already
become undetectable. Definitive diagnosis of acute
infection or toxoplasmosis requires demonstration of a
rise in titres in serial specimens (either conversion from a
negative to a positive titre or a significant rise from a low
to a higher titre), but this change is rarely shown in
countries where systematic screening during pregnancy
is not available.119

Treatment with spiramycin should be initiated as
immediately as feasible after diagnosis of recently acquired
maternal infection (table 3). Findings of European studies
have suggested that the incidence of congenital
toxoplasmosis does not seem to be lower in women who
took spiramycin during pregnancy when compared with
those who did not.120–123 However, these data should not
prompt any change in current policies of spiramycin
administration to pregnant women suspected to have or
diagnosed with recently acquired T gondii infection.124 The
studies included very few untreated women in their analysis
and most untreated women were infected during the third
trimester. The design of studies undertaken to date has not
permitted a definitive conclusion about use of spiramycin.
Until appropriately designed studies are done, authorities
continue to recommend spiramycin (for the first and early
second trimester) or pyrimethamine/sulfadiazine (for late
second and third trimester) for women with suspected or
confirmed acute T gondii infection acquired during
gestation.36,120,125 Since maternal infection does not
necessarily result in fetal infection, suspected or established
maternal infection acquired during gestation (based on
ultrasonography or serology) must be confirmed by
prenatal diagnosis by PCR of amniotic fluid. This test has
an overall reported sensitivity of 64–98·8%.31,32,34,126 In case
of a negative PCR result, pregnant women should receive
spiramycin prophylaxis until the 17th week of pregnancy
and have monthly ultrasound examinations for the entire
pregnancy.81

Spiramycin is continued throughout pregnancy in the
USA and France. In Austria and Germany, spiramycin
prophylaxis is followed by a 4-week course of
pyrimethamine plus sulfadiazine at 17 weeks of gestation;
this approach seems to reduce the rate of clinical signs in
the fetus (Prusa A-R, Universitätsklinik für Kinder- und
Jugendheilkunde, Wien, Austria, personal communi-
cation). In case of a positive PCR result or very highly
probable infection of the fetus (ie, acquisition of maternal
infection in late second or third trimesters), treatment

consists of pyrimethamine/ sulfadiazine—in some countries
this regimen is alternated with spiramycin.15 Prenatal
treatment with pyrimethamine/ sulfadiazine of women
suspected or confirmed to have fetal infection reduces
sequelae of the disease in the newborn.122

Antitoxoplasma treatment should be continued
throughout pregnancy (table 3). Folinic acid is added to
regimens to reduce bone-marrow suppression; careful
monitoring for haematotoxicity is mandatory. Ultrasound
should be done at least monthly until term if the initial
examination revealed no abnormalities; the presence of
hydrocephalus has been used as an indication for
termination of the pregnancy. 

In most countries, treatment of the fetus is followed by
treatment of the newborn throughout the first year of
life.15,82 However, lengths of treatment protocols vary greatly
between centres in European countries.123

Chorioretinitis
The decision to treat active toxoplasmic chorioretinitis
should be made based on results of an examination done
by an ophthalmologist familiar with the disease. Low titres
of IgG antibody are usual in patients with active
chorioretinitis because of reactivation of congenital 
T gondii infection; IgM antibodies generally are not
detected. Patients with chorioretinitis due to postnatally
acquired disease usually have serological findings
consistent with infection acquired in the recent past.75 Most
ophthalmologists would recommend treatment if they
record severe inflammatory responses, proximity of retinal
lesions to the fovea or optic disk, or both.127

Nine drugs (or commercially available combinations)
have been used in 24 different regimens as treatments
for typical cases of recurrent toxoplasmic
chorioretinitis.127 The combination of pyrimethamine,
sulfadiazine, and prednisone is the most typically used
regimen (table 3). Clindamycin or trimethoprim/
sulfamethoxazole for a minimum of 3 weeks has also
been used with favourable clinical results. Because
toxoplasmic chorioretinitis can be self-limited in
immunocompetent individuals, many clinicians may not
treat small peripheral retinal lesions that are not
immediately vision-threatening. The rate of recurrent
toxoplasmic chorioretinitis can be greatly reduced with a
long-term intermittent regimen of trimethoprim/
sulfamethoxazole.128 In some patients, the morphology of
retinal lesions can be non-diagnostic, response to
treatment can be suboptimum, or both. In such cases,
detection of an abnormal T gondii-specific antibody
response in ocular fluids (Goldman-Witmer coefficient)
and demonstration of the parasite by PCR have been
used successfully to establish diagnosis. 

Infection in the immunocompromised host
Toxoplasma encephalitis, generalised infection 
Transplant recipients who are most likely to acquire 
T gondii infection via the allograft (ie, heart, lung, heart-
lung, and kidney) need to be tested—as well as 
the donor—for baseline toxoplasma IgG antibodies. 
A seropositive donor (D+) and seronegative recipient (R–)
represent the highest risk for disease in these patients;
trimethoprim/sulfamethoxazole prophylaxis is highly
effective in this setting. Recipients from D–/R–, D–/R+, or
D+/R+ pairs rarely develop toxoplasmosis. Serological
results indicating apparent reactivation (rising IgG and
IgM titres) in the absence of clinically apparent infection,
and results consistent with chronic infection in the
presence of toxoplasmosis, can be seen and could be
misleading.129 Thus, for immunocompromised patients in
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whom toxoplasmosis is suspected, additional diagnostic
methods—including PCR amplification of T gondii DNA
or isolation of the parasite from blood or body fluids that
could contain the parasite, and histological examination of
tissues—are strongly recommended. 

Pre-emptive antiparasitic treatment should be
considered for all symptomatic seropositive immuno-
compromised patients suspected to have toxoplasmosis.
When clinical manifestations suggest involvement of the
brain, spinal cord, or both, neuroimaging studies such as
CT or MRI are mandatory. These studies should be
considered even if neurological examination does not
indicate focal deficits. Empiric anti-T gondii treatment is an
accepted practice for patients with multiple ring enhancing
brain lesions (usually established by MRI), positive IgG
antibody titres against T gondii, and advanced immuno-
deficiency; a clinical and radiological response to specific
anti-T gondii treatment is judged supportive of the
diagnosis of CNS toxoplasmosis. Patients with cerebral
toxoplasmosis usually improve by more than 50% of their
baseline neurological examination by 7–10 days.80

Monotherapy has no role in treatment of toxoplasmosis
in immunocompromised patients. The most typically used
and successful regimen continues to be the combination of
pyrimethamine/sulfadiazine and folinic acid (table 3).130

Clindamycin can be used instead of sulfadiazine in patients

intolerant to sulfonamides. Treatment is recommended for
4–6 weeks after resolution of all signs and symptoms
(sometimes for several months or longer). Trimethoprim/
sulfamethoxazole appears to be equivalent to
pyrimethamine/sulfadiazine in patients with AIDS.131

Atovaquone in combination with either pyrimethamine or
sulfadiazine has sufficient activity to be considered for
treatment of acute toxoplasmic encephalitis in patients
with a Karnofsky performance status score—a combined
measure of the ability to work, undertake normal activities
without assistance, and to care for personal needs—of
more than 30.132 The role of other drugs in the treatment of
toxoplasmosis in immunocompromised patients, including
clarithromycin, azithromycin, or dapsone, has not been
well established.78 If these drugs have to be used as a last
resort, they should always be given in combination with
other drugs (preferably pyrimethamine). 

After treatment of the acute phase (primary or induction
treatment) in immunocompromised patients, maintenance
therapy (secondary prophylaxis) should be started, usually
with the same regimen that was used in the acute phase
but at half doses. Currently, maintenance treatment
should be continued for the life of the patient or until
underlying immunosuppression has ceased. In patients
with AIDS, primary and secondary prophylaxis are
generally discontinued when the patient’s CD4 count has
returned to more than 200 cells per �L and HIV PCR
peripheral blood viral load has been reasonably controlled
for at least 6 months.133

Prevention
Public-health measures to prevent T gondii infection are a
possible approach to diminish burden of disease in human
beings and animals. Wide differences exist in public-health
policies to prevent congenital infection; however, data for
the efficacy of such policies are scarce.134 Systematic
serological screening of all pregnant women is undertaken
only in France and Austria.42,135 Uncertainty about
incidence of congenital infection, cost-effectiveness,
difficulties with sensitivity and specificity of serological
tests, and findings suggesting absence of spiramycin
effectiveness have hampered attempts to implement
screening programmes in several countries.134,136 Neonatal
screening has been implemented in several countries (eg,
Denmark) or areas such as Massachusetts, USA;26,28,137,138

through these programmes as many as 80% of infected
newborns have been identified. 

An effective vaccine against human T gondii infection is a
desirable but elusive target. Only the attenuated live S48
strain of the parasite has been licensed for use in sheep in
Europe and New Zealand.139 Most research is now focused
on vaccine candidates that can induce protective Th1 and
humoral (including IgA) responses—both systemic and at
the intestinal mucosa level—with the hope to mimic the
lifelong immunity conferred by natural infection. Vaccine
approaches have included use of purified or recombinant
T gondii surface antigens,140,141 live attenuated or mutant
strains of the parasite,11 or DNA with plasmids encoding
colony-stimulating factors.142

Outlook
Despite great progress in clinical and basic science research,
many unresolved issues in toxoplasmosis remain to be
addressed. These topics encompass important clinical
issues such as epidemiology, diagnosis and treatment, and
prevention (screening) strategies (panel).143
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Future areas of work In T gondii infection and
toxoplasmosis

Clinical management
Diagnosis
● Avidity testing using recombinant antigens
● Amniocentesis and PCR techniques
● Congenital disease in newborns with negative 

IgM and IgA
Treatment, prophylaxis, screening
● Clinical trials comparing different drug regimens and

strategies in different clinical settings—eg, eye disease
and congenital toxoplasmosis or prevention of multiple
episodes of recurrent episodes of chorioretinitis

● Prophylaxis and treatment of disease in bone-marrow
transplant recipients 

● Effectiveness of prevention strategies in pregnancy
● Cost-effectiveness of routine serological screening

programmes during pregnancy to prevent congenital
disease

● Susceptibility of the host to infection—eg, HLA types

Basic research
Strains of T gondii
● Phylogeny
● Sequencing
● Mutants
Sources of infection
● Relative importance of different sources of

transmission—eg, meat vs cats vs water
● Genotyping of strains in serum samples with peptides
Interaction of T gondii with immune cells—eg, antigen-
presenting cells
● Dendritic cells
● Immune activation vs evasion
● Immune response in specific compartments—eg, eye 

and brain
Animal models of eye disease
● Vaccination
Proteins
● Strategies (DNA, adjuvants, mucosal)



For personal use. Only reproduce with permission from The Lancet Publishing Group.

Acknowledgments
This manuscript, as with many others, was only possible because of
Jack S Remington’s tireless devotion to define and advance the field of
toxoplasmosis and to his dedication to mentor fellows over the past
40 years. To him we owe an immense debt of gratitude and want to thank
him for the guidance and perennial habiliments he has provided us.

References
1 Cornelissen AW, Overdulve JP, van der Ploeg M. Determination of

nuclear DNA of five eucoccidian parasites, Isospora (Toxoplasma) gondii,
Sarcocystis cruzi, Eimeria tenella, E acervulina and Plasmodium berghei,
with special reference to gamontogenesis and meiosis in I. (T.) gondii.
Parasitology 1984; 88: 531–53.

2 Frenkel JK. Toxoplasmosis: parasite life cycle pathology and
immunology. In: Hammond DM, Long PL, eds. The Coccidia.
Baltimore: University Park Press, 1973: 343–410.

3 Dubey JP, Miller NL, Frenkel JK. The Toxoplasma gondii oocyst from
cat feces. J Exp Med 1970; 132: 636–62.

4 Dobrowolski JM, Sibley LD. Toxoplasma invasion of mammalian cells is
powered by the actin cytoskeleton of the parasite. Cell 1996; 84:
933–39.

5 Sibley LD, Boothroyd JC. Virulent strains of Toxoplasma gondii
comprise a single clonal lineage. Nature 1992; 359: 82–85.

6 Howe DK, Sibley DL. Toxoplasma gondii comprises three clonal
lineages: correlation of parasite genotype with human disease. 
J Infect Dis 1995; 172: 1561–66.

7 Ajzenberg D, Cogne N, Paris L, et al. Genotype of 86 Toxoplasma
gondii isolates associated with human congenital toxoplasmosis, and
correlation with clinical findings. J Infect Dis 2002; 186:
684–89.

8 Kong JT, Grigg ME, Uyetake L, Parmley S, Boothroyd JC. Serotyping
of Toxoplasma gondii infections in humans using synthetic peptides. 
J Infect Dis 2003; 187: 1484–95.

9 Grigg ME, Bonnefoy S, Hehl AB, Suzuki Y, Boothroyd JC. Success
and virulence in Toxoplasma as the result of sexual recombination
between two distinct ancestries. Science 2001; 294: 161–65.

10 Su C, Evans D, Cole RH, Kissinger JC, Ajioka JW, Sibley LD. Recent
expansion of Toxoplasma through enhanced oral transmission. Science
2003; 299: 414–16.

11 Fox BA, Bzik DJ. De novo pyrimidine biosynthesis is required for
virulence of Toxoplasma gondii. Nature 2002; 415: 926–29.

12 Meissner M, Schluter D, Soldati D. Role of Toxoplasma gondii
myosin A in powering parasite gliding and host cell invasion. Science
2002; 298: 837–40.

13 Desmonts G, Couvreur J, Alison F, Baudelot J, Gerbeaux J, 
Lelong M. Etude epidemiologique sur la toxoplasmose: l’influence de la
cuisson des viandes de boucherie sur la frequence de l’infectin humaine.
Rev Fr Etud Clin Biol 1965; 10: 952–58.

14 Cook AJ, Gilbert RE, Buffolano W, et al. Sources of toxoplasma
infection in pregnant women: European multicentre case-control study.
BMJ 2000; 321: 142–47.

15 Remington JS, McLeod R, Thulliez P, Desmonts G. Toxoplasmosis.
In: Remington JS, Klein J, eds. Infectious diseases of the fetus and
newborn infant, 5th edn. Philadelphia: WB Saunders, 2001: 205–346.

16 Dubey JP, Gamble HR, Hill D, Sreekumar C, Romand S, 
Thuilliez P. High prevalence of viable Toxoplasma gondii infection in
market weight pigs from a farm in Massachusetts. J Parasitol 2002; 88:
1234–38.

17 Teutsch SM, Juranek DD, Sulzer A, Dubey JP, Sikes RK. Epidemic
toxoplasmosis associated with infected cats. N Engl J Med 1979; 300:
695–99.

18 Bowie WR, King AS, Werker DH, et al. Outbreak of toxoplasmosis
associated with municipal drinking water. Lancet 1997; 350: 173–77.

19 Bahia-Oliveira LM, Jones JL, Azevedo-Silva J, Alves CC, Orefice F,
Addiss DG. Highly endemic, waterborne toxoplasmosis in north Rio de
Janeiro state, Brazil. Emerg Infect Dis 2003; 9: 55–62.

20 Brooks RG, Remington JS. Transplant-related infections. In: 
Bennett JV, Brachman PS, eds. Hospital infections, 2nd edn. Boston:
Little, Brown and Co, 1986: 581–618.

21 Israelski DM, Remington JS. Toxoplasmosis in the non-AIDS
immunocompromised host. In: Remington J, Swartz M, eds. Current
clinical topics in infectious diseases. London: Blackwell Scientific
Publications, 1993: 322–56.

22 Raisanen SA. The importance of trophozoites in transmission of
toxoplasmosis: survival and pathogenity of Toxoplasma gondii
trophozoites in liquid media. Med Hypotheses 1978; 4: 367–75.

23 Siegel SE, Lunde MN, Gelderman AH, et al. Transmission of
toxoplasmosis by leukocyte transfusion. Blood 1971; 37: 388–94.

24 Kayhoe DE, Jacobs L, Beye HK, McCullough NB. Acquired
toxoplasmosis: observations on two parasitologically proved cases

treated with pyrimethamine and triple sulfonamides. N Engl J Med
1957; 257: 1247–54.

25 Remington JS, Gentry LO. Acquired toxoplasmosis: infection versus
disease. Ann NY Acad Sci 1970; 174: 1006–17.

26 Guerina N, Hsu H-W, Meissner H, et al. Neonatal serologic screening
and early treatment for congenital Toxoplasma gondii infection.
N Engl J Med 1994; 330: 1858–63.

27 Jenum PA, Stray-Pedersen B, Melby KK, et al. Incidence of
Toxoplasma gondii infection in 35,940 pregnant women in Norway and
pregnancy outcome for infected women. J Clin Microbiol 1998; 36:
2900–06.

28 Lebech M, Andersen O, Christensen NC, et al. Feasibility of neonatal
screening for toxoplasma infection in the absence of prenatal treatment.
Lancet 1999; 353: 1834–37.

29 Gavinet MF, Robert F, Firtion G, et al. Congenital toxoplasmosis due
to maternal reinfection during pregnancy. J Clin Microbiol 1997; 35:
1276–77.

30 Vogel N, Kirisits M, Michael E, et al. Congenital toxoplasmosis
transmitted from an immunologically competent mother infected before
conception. Clin Infect Dis 1996; 23: 1055–60.

31 Hohlfeld P, Daffos F, Costa J-M, Thuylliez P, Forestier F, Vidaud M.
Prenatal diagnosis of congenital toxoplasmosis with polymerase-chain-
reaction test on amniotic fluid. N Engl J Med 1994; 331: 695–99.

32 Romand S, Wallon M, Franck J, Thulliez P, Peyron F, Dumon H.
Prenatal diagnosis using polymerase chain reaction on amniotic fluid for
congenital toxoplasmosis. Obstet Gynecol 2001; 97: 296–300.

33 Dunn D, Wallon M, Peyron F, Petersen E, Peckham C, Gilbert R.
Mother-to-child transmission of toxoplasmosis: risk estimates for
clinical counselling. Lancet 1999; 353: 1829–33.

34 Daffos F, Forestier F, Capella-Pavlovsky M, et al. Prenatal
management of 746 pregnancies at risk for congenital toxoplasmosis. 
N Engl J Med 1988; 318: 271–75.

35 Wilson CB, Remington JS, Stagno S, Reynolds DW. Development of
adverse sequelae in children born with subclinical congenital
Toxoplasma infection. Pediatrics 1980; 66: 767–74.

36 Wallon M, Liou C, Garner P, Peyron F. Congenital toxoplasmosis:
systematic review of evidence of efficacy of treatment in pregnancy.
BMJ 1999; 318: 1511–14.

37 European Collaborative Study and Research Network on Congenital
Toxoplasmosis. Low incidence of congenital toxoplasmosis in children
born to women infected with human immunodeficiency virus. 
Eur J Obstet Gynecol Reprod Biol 1996; 68: 93–96.

38 Minkoff H, Remington JS, Holman S, Ramirez R, Goodwin S,
Landesman S. Vertical transmission of toxoplasma by human
immunodeficiency virus-infected women. Am J Obstet Gynecol 1997;
176: 555–59.

39 Jones JL, Kruszon-Moran D, Wilson M, McQuillan G, Navin T,
McAuley JB. Toxoplasma gondii infection in the United States:
seroprevalence and risk factors. Am J Epidemiol 2001; 154: 357–65.

40 Forsgren M, Gille E, Ljungstrom I, Nokes DJ. Toxoplasma gondii
antibodies in pregnant women in Stockholm in 1969, 1979, and 1987.
Lancet 1991; 337: 1413–14.

41 Smith KL, Wilson M, Hightower AW, et al. Prevalence of Toxoplasma
gondii antibodies in US military recruits in 1989: comparison with data
published in 1965. Clin Infect Dis 1996; 23: 1182–83.

42 Aspock H, Pollak A. Prevention of prenatal toxoplasmosis by
serological screening of pregnant women in Austria. 
Scand J Infect Dis Suppl 1992; 84: 32–37.

43 Liesenfeld O. Immune responses to Toxoplasma gondii in the gut.
Immunobiology 1999; 201: 229–39.

44 Su C, Howe DK, Dubey JP, Ajioka JW, Sibley LD. Identification of
quantitative trait loci controlling acute virulence in Toxoplasma gondii.
Proc Natl Acad Sci USA 2002; 99: 10753–58.

45 Suzuki Y, Wong S-Y, Grumet FC, et al. Evidence for genetic regulation
of susceptibility to toxoplasmic encephalitis in AIDS patients. 
J Infect Dis 1996; 173: 265–68.

46 Roberts C, Cruickshank S, Alexander J. Sex-determined resistance to
Toxoplasma gondii is associated with temporal differences in cytokine
production. Infect Immun 1995; 63: 2549–55.

47 Barragan A, Sibley LD. Transepithelial migration of Toxoplasma gondii
is linked to parasite motility and virulence. J Exp Med 2002; 195:
1625–33.

48 Morrissette NS, Sibley LD. Cytoskeleton of apicomplexan parasites.
Microbiol Mol Biol Rev 2002; 66: 21–38.

49 Karsten V, Qi H, Beckers CJ, et al. The protozoan parasite Toxoplasma
gondii targets proteins to dense granules and the vacuolar space using
both conserved and unusual mechanisms. J Cell Biol 1998; 141:
1323–33.

50 Shaw MK, Roos DS, Tilney LG. Acidic compartments and rhoptry
formation in Toxoplasma gondii. Parasitology 1998; 117 (Pt 5):
435–43.

51 Nielsen H, Christiansen L, Buus S, Fomsgaard A, Petersen E,

SEMINAR

1974 THE LANCET • Vol 363 • June 12, 2004 • www.thelancet.com



For personal use. Only reproduce with permission from The Lancet Publishing Group.

Lauemoller S. Complete protection against lethal Toxoplasma gondii
infection in mice immunized with a plasmid encoding the SAG1 gene.
Infect Immun 1999; 67: 6358–63.

52 Bhopale GM. Development of a vaccine for toxoplasmosis: current
status. Microbes Infect 2003; 5: 457–62.

53 Chardes T, Buzoni-Gatel D, Lepage A, Bernard F, Bout D. Toxoplasma
gondii oral infection induces specific cytotoxic CD8�/�+ Thy-1+ gut
intraepithelial lymphocytes, lytic for parasite-infected enterocytes. 
J Immunol 1994; 153: 4596–603.

54 Reis e Sousa C, Hieny S, Scharton-Kersten T, et al. In vivo microbial
stimulation induces rapid CD40 ligand-independent production of
interleukin 12 by dendritic cells and their redistribution to T cell areas.
J Exp Med 1997; 198: 1819–29.

55 Bliss SK, Marshall AJ, Zhang Y, Denkers EY. Human
polymorphonuclear leukocytes produce IL-12, TNF-alpha, and the
chemokines macrophage-inflammatory protein-1 alpha and -1 beta in
response to Toxoplasma gondii antigens. J Immunol 1999; 162: 7369–75.

56 Denkers EY, Gazzinelli RT. Regulation and function of T-cell-
mediated immunity during Toxoplasma gondii infection.
Clin Microbiol Rev 1998; 11: 569–88.

57 Luder CG, Lang T, Beuerle B, Gross U. Down-regulation of MHC
class II molecules and inability to up-regulate class I molecules in
murine macrophages after infection with Toxoplasma gondii.
Clin Exp Immunol 1998; 112: 308–16.

58 Luder CG, Lang C, Giraldo-Velasquez M, Algner M, Gerdes J, 
Gross U. Toxoplasma gondii inhibits MHC class II expression in
neural antigen-presenting cells by down-regulating the class II
transactivator CIITA. J Neuroimmunol 2003; 134: 12–24.

59 Nash PB, Purner MB, Leon RP, Clarke P, Duke RC, Curiel TJ.
Toxoplasma gondii-infected cells are resistant to multiple inducers of
apoptosis. J Immunol 1998; 160: 1824–30.

60 Montoya JG, Lowe KE, Clayberger C, et al. Human CD4+ and CD8+
T lymphocytes are both cytotoxic to Toxoplasma gondii-infected cells.
Infect Immun 1996; 64: 176–81.

61 Suzuki Y, Orellana MA, Schreiber RD, Remington JS. Interferon-�: the
major mediator of resistance against Toxoplasma gondii. Science 1988;
240: 516–18.

62 Scalise F, Gerli R, Castellucci G, et al. Lymphocytes bearing the ��
T-cell receptor in acute toxoplasmosis. Immunology 1992; 76: 668–70.

63 de Paoli P, Basaglia G, Gennari D, Crovatto M, Modolo M, 
Santini G. Phenotypic profile and functional characteristics of human
gamma and delta t cells during acute toxoplasmosis. J Clin Microbiol
1992; 30: 729–31.

64 Chardes T, Bourguin I, Mevelec M-N, Dubremetz J-F, Bout D.
Antibody responses to Toxoplasma gondii in sera, intestinal secretions,
and milk from orally infected mice and characterization of target
antigens. Infect Immun 1990; 58: 1240–46.

65 Mineo J, McLeod R, Mack D, et al. Antibodies to Toxoplasma gondii
major surface protein (SAG-1, P30) inhibit infection of host cells and
are produced in murine intestine after peroral infection. J Immunol
1993; 150: 3951–64.

66 Dorfman RF, Remington JS. Value of lymph-node biopsy in the
diagnosis of acute acquired toxoplasmosis. N Engl J Med 1973; 289:
878–81.

67 Weiss L, Chen Y, Berry G, Strickler J, Dorfman R, Warnke R.
Infrequent detection of Toxoplasma gondii genome in toxoplasmic
lymphadenitis: a polymerase chain reaction study. Hum Pathol 1992;
23: 154–58.

68 Holland GN, O’Connor GR, Belfort R Jr, Remington JS.
Toxoplasmosis. In: Pepose JS, Holland GN, Wilhelmus KR, eds.
Ocular infection and immunity. St. Louis: Mosby Yearbook, 1996:
1183–223.

69 Montoya JG, Jordan R, Lingamneni S, Berry GB, Remington JS.
Toxoplasmic myocarditis and polymyositis in patients with acute
acquired toxoplasmosis diagnosed during life. Clin Infect Dis 1997; 24:
676–83.

70 Luft BJ, Conley F, Remington JS, et al. Outbreak of central-nervous-
system toxoplasmosis in western Europe and North America. Lancet
1983; 1: 781–84.

71 Frenkel JK. Pathology and pathogenesis of congenital toxoplasmosis.
Bull N Y Acad Med 1974; 50: 182–91.

72 Luft BJ, Remington JS. Toxoplasmic encephalitis in AIDS. 
Clin Infect Dis 1992; 15: 211–22.

73 Mariuz P, Bosler EM, Luft BJ. Toxoplasma pneumonia. 
Semin Respir Infect 1997; 12: 40–43.

74 Montoya JG. Laboratory diagnosis of Toxoplasma gondii infection and
toxoplasmosis. J Infect Dis 2002; 185 (suppl 1): S73–82.

75 Montoya JG, Remington JS. Toxoplasmic chorioretinitis in the setting
of acute acquired toxoplasmosis. Clin Infect Dis 1996; 23: 277–82.

76 Holland GN. Reconsidering the pathogenesis of ocular toxoplasmosis.
Am J Ophthalmol 1999; 128: 502–05.

77 Burnett AJ, Shortt SG, Isaac-Renton J, King A, Werker D, 

Bowie WR. Multiple cases of acquired toxoplasmosis retinitis
presenting in an outbreak. Ophthalmology 1998; 105: 1032–37.

78 Liesenfeld O, Wong SY, Remington JS. Toxoplasmosis in the setting of
AIDS. In: Bartlett JG, Merigan TC, Bolognesi D, eds. Textbook of
AIDS medicine, 2nd edn. Baltimore: Williams & Wilkins, 1999:
225–59.

79 Porter SB, Sande M. Toxoplasmosis of the central nervous system in
the Acquired Immunodeficiency Syndrome. N Engl J Med 1992; 327:
1643–48.

80 Luft BJ, Hafner R, Korzun AH, et al. Toxoplasmic encephalitis in
patients with the acquired immunodeficiency syndrome. 
N Engl J Med 1993; 329: 995–1000.

81 Gay-Andrieu F, Marty P, Pialat J, Sournies G, Drier de Laforte T,
Peyron F. Fetal toxoplasmosis and negative amniocentesis: necessity of
an ultrasound follow-up. Prenat Diagn 2003; 23: 558–60.

82 McAuley J, Boyer KM, Patel D, et al. Early and longitudinal
evaluations of treated infants and children and untreated historical
patients with congenital toxoplasmosis: the Chicago collaborative
treatment trial. Clin Infect Dis 1994; 18: 38–72.

83 Swisher CN, Boyer K, McLeod R. Congenital toxoplasmosis. Semin
Pediatr Neurol 1994; 1: 4–25.

84 Cazenave J, Cheyrou A, Blouin P. Use of polymerase chain reaction to
detect Toxoplasma. J Clin Pathol 1991; 44: 1037.

85 Fuentes I, Rodriguez M, Domingo CJ, Del Castillo F, Juncosa T, 
Alvar J. Urine sample used for congenital toxoplasmosis diagnosis by
PCR. J Clin Microbiol 1996; 34: 2368–71.

86 Sabin AB, Feldman HA. Dyes as microchemical indicators of a new
immunity phenomenon affecting a protozoan parasite (toxoplasma).
Science 1948; 108: 660–63.

87 Walton BC, Benchoff BM, Brooks WH. Comparison of the indirect
fluorescent antibody test and methylene blue dye test for detection 
of antibodies to Toxoplasma gondii. Am J Trop Med Hyg 1966; 15:
149–52.

88 Balsari A, Poli G, Molina V, et al. ELISA for toxoplasma antibody
detection: a comparison with other serodiagnostic tests. J Clin Pathol
1980; 33: 640–43.

89 Hedman K, Lappalainen M, Seppala I, Makela O. Recent primary
Toxoplasma infection indicated by a low avidity of specific IgG. 
J Infect Dis 1989; 159: 736–39.

90 Liesenfeld O, Montoya JG, Kinney S, Press C, Remington JS. Effect of
testing for IgG avidity in the diagnosis of Toxoplasma gondii infection in
pregnant women: experience in a US reference laboratory. J Infect Dis
2001; 183: 1248–53.

91 Montoya JG, Liesenfeld O, Kinney S, Press C, Remington JS. 
VIDAS test for avidity of Toxoplasma-specific immunoglobulin G for
confirmatory testing of pregnant women. J Clin Microbiol 2002; 40:
2504–08.

92 Dannemann BR, Vaughan WC, Thulliez P, Remington JS. Differential
agglutination test for diagnosis of recently acquired infection with
Toxoplasma gondii. J Clin Microbiol 1990; 28: 1928–33.

93 Jenum PA, Stray-Pedersen B, Gundersen A-G. Improved diagnosis of
primary Toxoplasma gondii infection in early pregnancy by
determination of antitoxoplasma immunoglobulin G activity. 
J Clin Microbiol 1997; 35: 1972–77.

94 Lappalainen M, Koskela P, Koskiniemi M, et al. Toxoplasmosis
acquired during pregnancy: improved serodiagnosis based on avidity of
IgG. J Infect Dis 1993; 167: 691–97.

95 Liesenfeld O, Press C, Montoya JG, et al. False-positive results in
immunoglobulin M (IgM) toxoplasma antibody tests and importance of
confirmatory testing: the Platelia toxo IgM test. J Clin Microbiol 1997;
35: 174–78.

96 Naot Y, Desmonts G, Remington JS. IgM enzyme-linked
immunosorbent assay test for the diagnosis of congenital Toxoplasma
infection. J Pediatr 1981; 98: 32–36.

97 Siegel JP, Remington JS. Comparison of methods for quantitating
antigen-specific immunoglobulin M antibody with a reverse enzyme-
linked immunosorbent assay. J Clin Microbiol 1983; 18: 63–70.

98 Wilson M, Remington JS, Clavet C, et al. Evaluation of six commercial
kits for detection of human immunoglobulin M antibiodies to
Toxoplasma gondii. J Clin Microbiol 1997; 35: 3112–15.

99 Montoya JG, Remington JS. Studies on the serodiagnosis of
toxoplasmic lymphadenitis. Clin Infect Dis 1995; 20: 781–90.

100 Roberts A, Hedman K, Luyasu V, et al. Multicenter evaluation of
strategies for serodiagnosis of primary infection with Toxoplasma gondii.
Eur J Clin Microbiol Infect Dis 2001; 20: 467–74.

101 Desmonts G, Naot Y, Remington JS. Immunoglobulin M-
immunosorbent agglutination assay for diagnosis of infectious diseases:
diagnosis of acute congenital and acquired Toxoplasma infections. 
J Clin Microbiol 1981; 14: 486–91.

102 Stepick-Biek P, Thulliez P, Araujo FG, Remington JS. IgA antibodies
for diagnosis of acute congenital and acquired toxoplasmosis. 
J Infect Dis 1990; 162: 270–73.

SEMINAR

THE LANCET • Vol 363 • June 12, 2004 • www.thelancet.com 1975



For personal use. Only reproduce with permission from The Lancet Publishing Group.

103 Decoster A, Slizewicz B, Simon J, et al. Platelia-toxo IgA, a new kit for
early diagnosis of congenital toxoplasmosis by detection of anti-P30
immunoglobulin A antibodies. J Clin Microbiol 1991; 29: 2291–95.

104 Pinon JM, Dumon H, Chemla C, et al. Strategy for diagnosis of
congenital toxoplasmosis: evaluation of methods comparing mothers
and newborns and standard methods for postnatal detection of
immunoglobulin G, M, and A antibodies. J Clin Microbiol 2001; 39:
2267–71.

105 Wong SY, Hadju M-P, Ramirez R, Thulliez P, McLeod R, 
Remington JS. The role of specific immunoglobulin E in diagnosis 
of acute toxoplasma infection and toxoplasmosis. J Clin Microbiol 1993;
31: 2952–59.

106 Pinon JM, Toubas D, Marx C, et al. Detection of specific
immunoglobulin E in Patients with toxoplasmosis. J Clin Microbiol
1990; 28: 1739–43.

107 de Boer JH, Verhagen C, Bruinenberg M, et al. Serologic and
polymerase chain reaction analysis of intraocular fluids in the diagnosis
of infectious uveitis. Am J Opthalmol 1996; 121: 650–58.

108 Grover CM, Thulliez P, Remington JS, Boothroyd JD. Rapid prenatal
diagnosis of congenital Toxoplasma infection by using polymerase
chain reaction and amniotic fluid. J Clin Microbiol 1990; 28: 2297–301.

109 Montoya JG, Parmley S, Liesenfeld O, Jaffe GJ, Remington JS. Use of
the polymerase chain reaction for diagnosis of ocular toxoplasmosis.
Ophthalmology 1999; 106: 1554–63.

110 Brezin AP, Egwuagu CE, Burnier M, et al. Identification of
Toxoplasma gondii in paraffin-embedded sections by the polymerase
chain reaction. Am J Ophthalmol 1990; 110: 599–604.

111 Dupouy-Camet J, Lavareda de Souza L, Maslo C, et al. Detection of
Toxoplasma gondii in venous blood from AIDS patients by polymerase
chain reaction. J Clin Microb 1993; 31: 1866–69.

112 Mele A, Paterson PJ, Prentice HG, Leoni P, Kibbler CC.
Toxoplasmosis in bone marrow transplantation: a report of two cases
and systematic review of the literature. Bone Marrow Transplant 2002;
29: 691–98.

113 Costa JM, Ernault P, Gautier E, Bretagne S. Prenatal diagnosis of
congenital toxoplasmosis by duplex real-time PCR using fluorescence
resonance energy transfer hybridization probes. Prenat Diagn 2001;
21: 85–88.

114 Filisetti D, Gorcii M, Pernot-Marino E, Villard O, Candolfi E.
Diagnosis of congenital toxoplasmosis: comparison of targets for
detection of Toxoplasma gondii by PCR. J Clin Microbiol 2003; 41:
4826–28.

115 Fardeau C, Romand S, Rao NA, et al. Diagnosis of toxoplasmic
retinochoroiditis with atypical clinical features. Am J Ophthalmol
2002; 134: 196–203.

116 Hitt JA, Filice GA. Detection of Toxoplasma gondii parasitemia by
gene amplification, cell culture, and mouse inoculation. 
J Clin Microbiol 1992; 30: 3181–84.

117 Conley FK, Jenkins KA, Remington JS. Toxoplasma gondii infection of
the central nervous system: use of the peroxidase-antiperoxidase
method to demonstrate toxoplasma in formalin fixed, paraffin
embedded tissue sections. Hum Pathol 1981; 12: 690–98.

118 Liesenfeld O, Montoya JG, Tathineni NJ, et al. Confirmatory serologic
testing for acute toxoplasmosis and rate of induced abortions among
women reported to have positive Toxoplasma immunoglobulin M
antibody titers. Am J Obstet Gynecol 2001; 184: 140–45.

119 Wong S, Remington JS. Toxoplasmosis in pregnancy. Clin Infect Dis
1994; 18: 853–62.

120 Gilbert RE, Gras L, Wallon M, Peyron F, Ades AE, Dunn DT. Effect
of prenatal treatment on mother to child transmission of Toxoplasma
gondii: retrospective cohort study of 554 mother-child pairs in Lyon,
France. Int J Epidemiol 2001; 30: 1303–08.

121 Gilbert R, Dunn D, Wallon M, et al. Ecological comparison of the
risks of mother-to-child transmission and clinical manifestations of
congenital toxoplasmosis according to prenatal treatment protocol.
Epidemiol Infect 2001; 127: 113–20.

122 Foulon W, Villena I, Stray-Pedersen B, et al. Treatment of
toxoplasmosis during pregnancy: a multicenter study of impact on
fetal transmission and children’s sequelae at age 1 year. 
Am J Obstet Gynecol 1999; 180 (2 Pt 1): 410–15.

123 Gilbert R, Gras L. Effect of timing and type of treatment on the risk
of mother to child transmission of Toxoplasma gondii. BJOG 2003;
110: 112–20.

124 Thulliez P. Efficacy of prenatal treatment for toxoplasmosis: a
possibility that cannot be ruled out. Int J Epidemiol 2001; 30:
1315–16.

125 Gras L, Gilbert RE, Ades AE, Dunn DT. Effect of prenatal treatment
on the risk of intracranial and ocular lesions in children with
congenital toxoplasmosis. Int J Epidemiol 2001; 30: 1309–13.

126 Forestier F, Hohlfeld P, Sole Y, Daffos F. Prenatal diagnosis of
congenital toxoplasmosis by PCR: extended experience. Prenat Diagn
1998; 18: 407–09.

127 Holland GN, Lewis KG. An update on current practices in the
management of ocular toxoplasmosis. Am J Ophthalmol 2002; 134:
102–14.

128 Silveira C, Belfort R Jr, Muccioli C, et al. The effect of long-term
intermittent trimethoprim/sulfamethoxazole treatment on recurrences
of toxoplasmic retinochoroiditis. Am J Ophthalmol 2002; 134:
41–46.

129 Luft BJ, Billingham M, Remington JS. Endomyocardial biopsy in the
diagnosis of toxoplasmic myocarditis. Transplant Proc 1986; 18:
1871–73.

130 Montoya JG, Remington JS. Toxoplasma gondii. In: Mandell GL,
Bennett JE, Dolin R, eds. Principles and practice of infectious
diseases. Philadelphia: Churchill Livingstone, 2000: 2858–88.

131 Torre D, Casari S, Speranza F, et al. Randomized trial of
trimethoprim-sulfamethoxazole versus pyrimethamine-sulfadiazine for
therapy of toxoplasmic encephalitis in patients with AIDS. Antimicrob
Agents Chemother 1998; 42: 1346–49.

132 Chirgwin K, Hafner R, Leport C, et al. Randomized phase II trial of
atovaquone with pyrimethamine or sulfadiazine for treatment of
toxoplasmic encephalitis in patients with acquired immunodeficiency
syndrome: ACTG 237/ANRS 039 Study. Clin Infect Dis 2002; 34:
1243–50.

133 Kaplan JE, Masur H, Holmes KK. Guidelines for preventing
opportunistic infections among HIV-infected persons, 2002:
recommendations of the US Public Health Service and the Infectious
Diseases Society of America. MMWR Recomm Rep 2002; 51 (RR-8):
1–52.

134 Eskild A, Oxman A, Magnus P, Bjorndal A, Bakketeig LS. Screening
for toxoplasmosis in pregnancy: what is the evidence of reducing a
health problem? J Med Screen 1996; 3: 188–94.

135 Desmonts G. Prevention de la toxoplasmose: remarques sur
l’experience poursuivie en France. Prog Clin Biol Res 1985; 163B:
333.

136 McCabe R, Remington JS. Toxoplasmosis: the time has come. 
N Engl J Med 1988; 318: 313–15.

137 Kimball AC, Kean BH, Fuchs F. Congenital toxoplasmosis: a
prospective study of 4,048 obstetric patients. Am J Obstet Gynecol
1971; 111: 211–18.

138 Petersen E, Eaton RB. Control of congenital infection with
Toxoplasma gondii by neonatal screening based on detection of 
specific immunoglobulin M antibodies eluted from phenylketonuria
filter-paper blood-spot samples. Acta Paediatr Suppl 1999; 88:
36–39.

139 Buxton D, Innes EA. A commercial vaccine for ovine toxoplasmosis.
Parasitology 1995; 110: 11–16.

140 Bulow R, Boothroyd JC. Protection of mice from fatal Toxoplasma
gondii infection by immunization with p30 antigen in liposomes.
J Immunol 1991; 147: 3496–500.

141 Petersen E, Nielsen HV, Christiansen L, Spenter J. Immunization
with E coli produced recombinant T gondii SAG1 with alum as
adjuvant protect mice against lethal infection with Toxoplasma gondii.
Vaccine 1998; 16: 1283–89.

142 Ismael AB, Sekkai D, Collin C, Bout D, Mevelec MN. The MIC3
gene of Toxoplasma gondii is a novel potent vaccine candidate against
toxoplasmosis. Infect Immun 2003; 71: 6222–28.

143 Liesenfeld O, Remington JS. Toxoplasmosis. In: Martens M, Faro S,
Soper D, eds. Infectious diseases in women. Philadelphia:
WB Saunders, 2001: 57–79.

SEMINAR

1976 THE LANCET • Vol 363 • June 12, 2004 • www.thelancet.com


	Toxoplasmosis
	Introduction
	The organism
	Oocysts
	Tachyzoites
	Cysts
	Different strains of T gondii


	Epidemiology
	Transmission
	Organ transplantation
	Congenital transmission

	Seroprevalence

	Pathogenesis
	Pathology
	Clinical presentation
	Immunocompetent adults and children
	Ocular toxoplasmosis
	Immunocompromised patients with or without AIDS
	Congenital toxoplasmosis

	Diagnosis
	Indirect detection
	Direct detection

	Management and treatment
	Infection in the immunocompetent host
	Maternal and fetal infection
	Chorioretinitis

	Infection in the immunocompromised host
	Toxoplasma encephalitis,generalised infection


	Prevention
	Outlook
	Acknowledgments
	References


